The invention of the naval periscope in 1854 by Hippolyte Marie-Davy paved the way for submarines to sample information in the world above water and guide strategic decisions underwater. Neural stem cells (NSCs) residing in the subgranular zone of the dentate gyrus (DG) of the hippocampus generate new dentate granule cells (DGCs) throughout life, a process that is exquisitely sensitive to the animal's experience and external world. But, like submarines, NSCs must rely on periscopes to sense an external world. This is important as newly generated DGCs are thought to optimize hippocampal circuit functions in forming new memories of ''what, when, and where'' by keeping similar memories separate and ensuring that new memories do not overwrite those that have been previously stored (McAvoy and Sahay, 2017) . As such, the decision of NSCs to activate or stay quiescent is an important one as it enables the hippocampus to anticipate new environments and consequently, confer adaptive benefits to the organism. It is therefore no surprise that NSC activation is tightly coupled to the animal's external environment. A fundamental challenge is to understand how external signals are communicated via niche elements or periscopes to the NSCs to guide these decisions.
NSCs are surrounded by different neuronal cell types, including DGCs, different classes of inhibitory interneurons, astrocytes, oligodendrocytes, and endothelial cells, and they are bathed in blood-borne factors, which all sense and relay changes in neural activity or physiological cues to NSCs. In a tour-de-force study, Bao and colleagues begin to illuminate circuitry-based mechanisms by which a local niche cell type, parvalbumin expressing inhibitory interneurons (PV INs), serves as a periscope for NSCs by linking activity of a distal brain region, the medial septum (MS), with NSC activation (Bao et al., 2017) .
Inhibitory interneurons in the DG niche receive inputs from different brain regions and in turn coordinate network and ensemble activity within and across different hippocampal subregions (Hosp et al., 2014) . Previous work by Song and colleagues found that PV INs dictate activation of NSCs (Song et al., 2012) . Optogenetic activation of PV INs, but not other subtypes of INs such as SST or VIP, decreased activation of NSCs and was sufficient to reverse the enhancement in symmetric NSC divisions induced by social isolation. Conversely, optogenetic inhibition of PV INs or rendering NSCs insensitive to GABA, the inhibitory neurotransmitter released by INs, promoted activation of NSCs. Thus, PV INs may integrate and relay signals computed in extra-hippocampal circuits to NSCs to govern homeostasis (Song et al., 2012) .
As a first step to begin to understand how PV INs serve as periscopes for NSCs, Bao and colleagues mapped the afferents onto PV INs. Using rabies-virusbased monosynaptic retrograde tracing, the authors identified GABAergic projection neurons in the MS as major afferents of PV INs, while the other major neuronal cell types in the MS were not labeled as potential afferents. The authors dexterously combined optogenetics, whole-cell recordings from genetically labeled DG PV INs, and FLP-and Cre-dependent viral expression systems to show that stimulation of MS GABAergic neurons elicited postsynaptic responses in DG PV INs at latencies consistent with monosynaptic connectivity, which were blocked by the GABAA receptor antagonist bicuculline. The authors extended this approach to determine connectivity between MS GABAergic neurons and mature DGCs, the largest niche constituent, as well as NSCs, but failed to detect monosynaptic responses in mature DGCs. Thus, MS GABAergic neurons directly synapse onto DG PV INs (henceforth referred to as MS GABA-DG ) and are potential regulators of NSC activation (Figure 1) .
To directly interrogate the role of MS GABA-DG projections in regulating NSC homeostasis, the authors employed optogenetics and chemogenetics to stimulate or inhibit, respectively, MS (Colgin, 2016) . Following this fine dissection of the functional connectivity between MS GABA-DG neurons and DG PV INs in regulating NSC activation, the authors tested the impact of genetically ablating MS GABAergic neurons on adult hippocampal neurogenesis. Loss of MS GABAergic neurons resulted in sustained activation of NSCs, increased neuronal differentiation, and ultimately, a depleted NSC pool. Interestingly, the authors observed increased production of astrocytes consistent with previous reports suggesting conversion of NSCs to astrocytes with multiple divisions (Encinas et al., 2011) . Furthermore, newly generated DGCs exhibited altered maturation, suggesting that projections of MS GABAergic neurons to the hippocampus are generally important for guiding maturation of adult-born DGCs. These exciting advances raise important new questions to be addressed. Given the pivotal role of the GABAergic septohippocampal pathway in generating theta rhythms, it is curious that NSC quiescence, rather than activation, is the default state during generation of hippocampal theta rhythms. Fine dissection of the niche as exemplified by this study begs the question of how inputs onto the different niche periscopes are summated to govern NSC homeostasis. MS GABAergic neurons synapse onto several niche cell types, including potentially other DG INs. DG INs, by virtue of high interconnectivity, permit extensive summation of inputs prior to modulating NSC and network activity. Under what physiological conditions are these different niche periscopes recruited? Additionally, mature DGCs receive inputs from the entorhinal cortex and influence NSC activation by the production of secreted factors and, potentially, the recruitment of PV INs and mossy cells (Ma et al., 2009; McAvoy et al., 2016; Sun et al., 2017) (Figure 1 ). Mossy cells may modulate NSCs indirectly via DG PV INs or directly through release of glutamate in the inner molecular layer and onto apical tufts of NSCs (Figure 1) .
Future studies integrating the contributions of local periscopes with non-neuronal niche cell types will shed light on the increasing complexity of (Schofield, 1978) . These efforts will inform circuit-based approaches to modulate adult hippocampal neurogenesis and optimize memory processing in brain disorders characterized by cognitive and mood impairments.
